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The primary purpose of this N-of-1 study was to examine whether running to
synchronous, asynchronous, and no music affected the physiological measure of heart rate
variability (HRV) and the perceptual measures of rate of perceived exertion (RPE) and
experience of flow state while running. In this study, the term synchronous referred to music that
is set at a tempo where running pace can synchronize to each beat. The term asynchronous
referred to music set at a tempo where it is not possible to synchronize the running pace to each
beat. A chest belt that measured heart rate variability via RR intervals, which equals the time
elapsed between two successive R-waves of the QRS signal on the electrocardiogram, measured
HRV. The Flow State Scale-2 measured the extent to which each participant experienced flow.
The OMNI rating of perceived exertion scale measured participants’ perceived level of exertion.
Two 21 year old, neural-typical, male subjects underwent three trials each. The trials consisted of
running on a treadmill for 10 minutes to synchronous music, asynchronous music, and a white
noise control. The results were visually analyzed. Participant one’s results indicated a positive
effect on the perceptual measures of RPE and flow during the asynchronous music condition and
a positive effect on HRV during the synchronous condition. Participant two’s results indicated a
positive effect on the perceptual measures of RPE and flow during the synchronous condition
and a positive effect on HRV during the control condition. Both participants’ results indicated
the asynchronous condition was least effective at increasing HRV.
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INTRODUCTION
Running is an extremely accessible, simple and affordable form of exercise. Because of
this, it is not surprising that it continues to be one of the most popular forms of fitness and
exercise within the United States and around the world (Forgione, 2005). Due to this popularity,
there is always interest in how to increase running efficiency and enjoyment of the run. One very
common method of adding motivation and enjoyment to running is by running with music
(Ogles, 1995).
While the use of music is highly preferred, it is not clear what elements of music have a
positive effect on running, and if this positive effect is physiological or just perceptual. Many
studies have found that listening to music while running has a stronger effect on perceptual
measures compared to physiological measures (Dyer & Mckune, 2013; Edworthy & Waring,
2006). This is supportive of the findings that music is very effective in inducing mood (Thaut &
de l’Etoile, 1993; de l’Etoile 2002), suggesting that listening to music may put people in a more
positive mood, which alters their perception of exertion but does not change the physiological
effort put into the exercise. This could result in the perception of having an easier run. The
ability to decrease the perception of effort is important as perception of effort is one of the
primary limiters of exercise performance, with a higher perceived exertion resulting in
disengagement from the task (Marcora & Staiano, 2010).
Rate of Perceived Exertion (RPE) and flow are two perceptual measures that are
commonly used to measure the effect of music on running (Karagheorgis & Priest, 2012a;
Karageorghis et al., 2006). RPE is a subjective measure that captures how hard a person feels
their body is working during physical activity (Borg & Noble, 1974). Flow is considered an
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optimal psychological state where the challenge being faced is nearly perfectly matched to the
skills the performer brings in (Csikszentmihályi, 1990).
There is also compelling research that suggests listening to music causes positive
physiological effects as well as perceptual effects (Fritz et al., 2013; Moens et al., 2014; Thaut et
al., 1999). Thaut et al. (1999) found that our bodies are predisposed to respond to the rhythmic
elements of music. These rhythmic elements influence the motor system through audio-spinal
facilitation and entrainment and can thus have a profound effect on motor processes. These
effects include the guiding of motor responses via the creation of stable internal reference
intervals and the stimulation of neural motor impulses. These impulses tend to entrain to the
auditory signal frequency, which can occur at subliminal levels of sensory perception.
These effects have been observed through many studies. Fritz et al. (2013) demonstrated
how the motor system positively responds to music by observing that participants moved more
efficiently when their movements were paired with music that temporally synchronized with
their movements. Similarly, Moens et al. (2014) found that when tempo is matched to the
cadence of the runner, both the time taken to run a distance and perceived exertion is decreased.
A powerful measure that is used throughout physiological and psychological research is
heart rate variability (HRV) (Camm et al., 1996). HRV is most broadly defined as the beat-tobeat variation in heart rate and reflects changes in cardiac autonomic regulation (Billman et al.,
2011). HRV is understood to reflect the workings of the autonomic nervous system (ANS) and is
used to observe the changing balance between the sympathetic and parasympathetic nervous
system. A higher HRV generally indicates good health and well-functioning autonomic control
mechanisms, whereas a lower HRV can be indicative of coronary heart disease (Dekker et al.,
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2000). HRV is often used as a measure when determining the effectiveness of various
interventions on exercise (Aubert et al., 2003).
While there is an established understanding that music can influence aerobic exercise,
HRV is not commonly used as a measure when looking at music and aerobic activity. Some
common measurements used across studies examining the influence of music on running include
average heart rate, oxygen consumption and blood lactate level (Fritz et al., 2013; Karageorghis
& Terry, 2012; Ramji et al., 2016). Ellis et al. (2012) encouraged using HRV as a measure when
looking at the effect music has on the ANS because this effect is often subtle and can be missed
with less sensitive or precise measures, such as average heart rate.
Since running with music is a common practice of many runners, it would be beneficial
to continue looking at how music can impact physiological health, as measured by HRV, when it
is used in conjunction with running. Indeed, as Ellis and Thayer (2010) pointed out, the ANS is
associated with physiological health and is responsive to music. As such, HRV is an incredibly
important measure to include in studies looking at exercise and music, as it will illuminate an
understanding of how the ANS could be used as a direct path for music to exert therapeutic
effects.
The purpose of this study was to examine whether running to synchronous music has a
positive effect on HRV, RPE and flow state when compared to asynchronous music and a nomusic control. The rationale behind this research is that while running to music is very common,
the mechanisms behind how and why music positively influences running are not fully
understood. There is encouraging research that shows music can influence HRV (Roque et al.,
2013), RPE (Karageorghis & Priest, 2008), and the experience of flow (Karageorghis & Priest,
2012b).
3

The current study aimed to explore the relationship between synchronous music
compared to asynchronous music or no music, HRV, and mental state, during physical exertion
through running. The primary research objectives of this study were to determine (1) if
synchronous, asynchronous, or no music affected the physiological measure of HRV and mental
state through the perceptual measures of RPE and flow while running, and (2) to determine if
there was an observable relationship between the physiological measure of HRV and the
perceptual measures of RPE and flow. In this study, synchronous music was defined as music set
to a tempo where the participants’ footfalls could synchronize to each beat. This was
accomplished by adjusting the music’s tempo to the same beats per minute (bpm) as the
participants’ foot strikes per minute. Asynchronous music was defined as music set at a tempo
where it was not possible to synchronize the running pace to each beat. Specifically, the
asynchronous music was set at a tempo 30% slower than the synchronous tempo (Ramji et al.,
2016).
Participants underwent three trials where they ran at a preselected, controlled pace to
synchronous music, asynchronous music, or white noise. A heart rate monitor was positioned on
the participants’ chests to capture HRV data for the duration of each trial. The OMNI RPE scale
and the Flow State Scale-2 were filled out immediately following each trial to measure RPE and
flow.
This study utilized the N-of-1 research design. The N-of-1 design is a reportedly
underused but vital research design that looks at the difference between measures within an
individual (McDonald et al., 2017). This research design is used often with practitioners when
prescribing patient medication, but has been used within the research world as well. As Lillie et
al. (2011) reports, the N-of-1 design can function as an approach to evaluate the effectiveness of
4

an intervention within individuals; in determining that individual effectiveness, it can then
provide further data to inform the design of a conventional trial. N-of-1 studies are often utilized
with elite athletes because they make up a small population, rendering it difficult to recruit
enough participants for a full randomized control trial design (Sands et al., 2019). However,
research shows casual runners tend to benefit more from music interventions while running
(Brownley et al., 1995). So, it would be interesting to examine the individual differences that
arise with casual runners. Using the N-of-1 design for this study allowed for examination of how
individual, casual runners responded to running to music set to a synchronous tempo compared
to an asynchronous tempo or no music.
This researcher hypothesized that the synchronous music condition would result in a
higher HRV, a lower reported RPE, and higher reported experience of flow when compared to
the asynchronous music condition and the control condition. This would suggest that running to
music set at a synchronous tempo facilitated more efficient movement and a more positive
perception of the run.
As the understanding of how the individual mechanisms of music affect the body and the
mind continues to grow, new avenues for how these mechanisms can be used to increase health
and motivation are becoming increasingly possible. This study aimed to explore whether
adjusting the mechanism of tempo to induce synchronous running to music compared to
asynchronous music or no music had a beneficial effect on HRV, RPE, and the experience of
flow. If this proves to be true, it would provide a simple, easily accessible option for runners to
increase their physiological and perceptual outcomes from running.

5

REVIEW OF LITERATURE
Music and Running
Several studies have looked at how listening to music in general may influence running
performance, with the consistent finding that music provides ergogenic, psychological and
physiological benefits when running (Karageorghis & Terry, 1997; Karageorghis & Terry, 2012;
Szmedra & Bacharach, 1998). In a review, Karageorghis and Terry (1997) found that music
positively impacts running performance because: (1) it narrows attention, (2) it alters
psychomotor arousal, and (3) our body is predisposed to respond to the rhythmic elements of
music.
Studies that have looked at music versus no-music controls have established that listening
to music while running consistently results in positive physiological and psychological effects
compared to no music (Hutchinson et al., 2011; Karageorghis & Terry, 1997; Szmedra &
Bacharach, 1998). Szmedra & Bacharach (1998) had well trained runners perform two highintensity runs with and without music. The researchers found that, during the music listening
condition, there was a lower metabolic demand with a lower value of lactate and hemodynamic
on the runners compared to the no music condition.
Moving beyond studying the difference between music versus non-music trials, studies
have focused on the specific psychological effects and elements of music to determine what
specific components are potential catalysts for the increased psychological and physiological
effects on running performance. The psychological effects and elements of music most
frequently studied include preference (Terry et al., 2012), motivation level (Simpson &
Karageorghis, 2006), and tempo (Karageorghis et al., 2006).
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Studies that have looked at preferred versus non-preferred music and motivational versus
non-motivational, or oudeterous, music have found no significant physiological differences
between the two conditions (Simpson & Karageorghis, 2006; Terry et al., 2012). Terry et al.
(2012) compared self-selected motivational music, neutral equivalent music, and no music
conditions, and concluded that the motivational qualities may be less important than the beat and
the ability to synchronize movement to the music’s tempo. In accordance with these findings, the
music used in this study did not focus on the music’s rated motivational quality, but instead used
the same music set at two different tempos, one that running pace could be synchronized to and
one that running pace could not be synchronized to.
Music and Synchronization
Researchers have looked at the effect of synchronous compared to asynchronous music
on physical exertion and found encouraging results (Ramji et al., 2016; Simpson &
Karageorghis, 2006). Simpson and Karageorghis (2006) compared the effects of synchronous
motivating music, synchronous oudeterous music, and no music control on the time taken to
complete a 400-meter sprint. Both music conditions yielded superior performance compared to
the no-music control. These results suggest there is a positive influence from the use of
synchronous music. However, since there was no asynchronous condition, it is difficult to
conclude if the synchronous quality of the music was effective, or if the mere presence of music
increased performance. Ramji et al. (2016) looked at whether synchronous or asynchronous
music had an effect on running performance in conjunction with the amount of musical
information provided. The different levels of musical information were (1) white noise, (2) drum
kit version of song, (3) synthesized version of song with drum part, bass, harmony, and melody,
(4) song as is. While the researchers found no significant difference between the synchronous
7

and asynchronous conditions, they did find that running performance as measured by distance
run and stride length, increased with the increase of musical information. This difference was
larger but not significant in the synchronous conditions compared to the asynchronous
conditions.
Fritz et al. (2013) looked at the difference between passive music listening compared to
musical feedback paired to participants’ movements during exercise. The study included 63
participants who were non-professional athletes and non-professional musicians. Participants
used a fitness machine with either passive music or with a music feedback condition where the
music was set to repeat and temporally synchronize with the participants’ movements at a tempo
of 130 bpm. This study found that the music feedback condition decreased perceived exertion as
well as facilitated greater isometric contraction, meaning the participants were moving more
efficiently during the music feedback condition.
Heart Rate Variability
HRV is widely agreed upon to be a reliable, non-invasive measure of the ANS (Billman
et al., 2015; Pumprla et al., 2002), with a higher HRV generally indicating good health and wellfunctioning autonomic control mechanisms, whereas a lower HRV can be indicative of coronary
heart disease (Dekker et al., 2000). HRV is believed to be a potential marker of stress and
health, and many studies have looked into neural correlates that link the ANS, HRV, and the
brain (Thayer & Lane, 2009). These studies specifically posit that the vagus nerve serves as a
link between the heart and the brain, with HRV reflecting the vagal activity (Thayer et al., 2012).
There are several different methods to analyze HRV, including analyzing it via the time
domain and the frequency domain (Camm et al., 1996). Time domain analysis of HRV works by
quantifying the amount of variability in measurements of the interbeat interval, or the time
8

between each successive heartbeat. Time domain measures are simple to calculate and, because
they are always calculated in the same way, are easily comparable across studies (Shaffer et al.,
2014). One drawback of using time domain measures is that they do not adequately capture the
autonomic dynamics and the oscillatory activity related to different physiological control
systems that are ultimately reflected in changes in HRV.
One frequently reported time domain measure of HRV is the root mean square of
successive differences (RMSSD), which reflects the beat-to-beat variance in heart rate. RMSSD
is the primary time domain measure used to estimate vagally-mediated changes reflected in
HRV, with a higher RMSSD indicating a higher level of vagal engagement, and a lower RMSSD
indicating vagal withdrawal (Shaffer et al., 2014).
Frequency domain analysis, also referred to as spectral analysis, is capable of capturing
information related to the different physiological control systems involved in changing HRV by
capturing the frequency and amplitude information within the HRV waveform. There are two
main approaches of frequency analysis: the fast Fourier transform (FFT) and autoregressive (AR)
analysis. Laborde et al. (2017) recommended the use of AR analysis because FFT tends to
overestimate the high-frequency component of HRV. AR analysis also generates a smoother,
more interpretable curve, demonstrating higher resolution as compared to FFT.
Frequency domain analysis estimates the distribution of absolute or relative power of
heart rate oscillations into four frequency bands: ultra-low-frequency (ULF), very-low-frequency
(VLF), low-frequency (LF), and high-frequency (HF). The VLF, LF, and HF bands are present
in short term recordings, which are defined as the standard length of two to five minutes (Camm
et al., 1996). Short term recording analysis focused on the LF and HF band because these
frequencies are understood to be attributable to sympathetic and parasympathetic activity with
9

less understanding on what contributes to the VLF band. Because of the inability to attribute
VLF power to a specific source, it is often removed during preprocessing via the smoothness
priors method of detrending (Tarvainen et al., 2002). The LF band typically falls between 0.040.15 Hz and is reflective of a combination of sympathetic and parasympathetic activity. The HF
band typically falls between 0.15-0.4 Hz and is reflective of parasympathetic activity, also
referred to as vagal tone. HF activity is highly correlated with the time domain measure of
RMSSD, as they both reflect the activity of the vagus nerve (Laborde et al., 2017).
The HF band is also called the respiratory band because it corresponds with heart rate
variations related to the respiratory cycle (Laborde et al., 2017). Importantly, the standard
frequency of the HF band (0.15-0.4 Hz) is based on resting conditions when respiration falls
between nine to 24 breath cycles per minute (Camm et al., 1996). When HRV is being measured
during physical exertion, respiration frequency tends to fall outside of this band, which calls for a
need to adjust the HF band to more accurately capture the change in power related to respiratory
frequency. There are several methods that can be employed to make this adjustment. One
approach is to set the upper limit of the band at half the mean heart rate in order to include the
whole range of possible respiratory frequencies (Bailón et al., 2010).
There are many methods that have been suggested to determine respiration rate including:
use of a strain gage; ECG derived respiration provided via Kubios (Kempele, Finland; Kubios
HRV Analysis v 3.4.3, Kuopio, Finland); or calculating HF peak through AR analysis, which is
reportedly reflective of respiratory rate (Laborde et al., 2012). When performing statistical
analysis, the influence of respiration from HRV can be extracted via an analysis of covariance in
order to examine HF power without the influence of respiration (Thayer et al., 1996).
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The exercise-induced changes in respiration also cause non-neural oscillations in the HF
band to occur. This means the measures used to reflect sympathovagal interaction are not as
easily interpretable during exercise, and especially during high-intensity exercise (Sarmiento et
al., 2013). It is important to be aware of these changes in autonomic control when examining the
HF band within the context of physical exertion as HF power during this state may be capturing
more than just vagal control (Sandercock & Brodie, 2006). Due to these multiple influences on
the HF band during exercise, it is recommended to report HF power alongside RMSSD as both
measures are reflective of vagal tone, but RMSSD is less influenced by respiration and thus may
provide a less confounded indication of vagal tone during exercise (Laborde et al., 2017).
The ability of HRV to pick up subtle physiological changes was highlighted by Rossy
and Thayer (1998), when they looked at gender-related differences in heart period variability. In
this study, participants were asked to complete a series of tasks designed to elicit either
sympathetic or parasympathetic activity or both. Measures were taken for heart period and heart
period variability during each task and at baseline. Rossy and Thayer found that, while heart
period did not differ between genders, heart period variability indicated that the female
participants exhibited greater vagal control whereas male participants exhibited more
sympathetic cardiac control. These findings highlight how HRV is a much more sensitive
measure compared to average heart rate, and can be used to more informatively measure how
music interacts with the ANS.
HRV and Exercise
Aerobic exercise is linked to cardiovascular health, and many studies have used HRV
measurements to show the positive effects of aerobic exercise on the ANS and cardiovascular
health (Aubert et al., 2003; Du et al., 2005; Hansen et al., 2004; Kiviniemi et al., 2007). Hansen
11

et al. (2004) found that when sailors were taken out of training for four weeks, their resting HRV
was lower than that of their peers, who continued training during those four weeks. Du et al.
(2005) had six 30-40 year-old female marathon runners and eight untrained controls complete a
maximum effort treadmill running exercise with a 1% gradient added per minute until
exhaustion, using HRV as one of the outcome measures. The researchers found that the marathon
runners had a significantly higher HRV, reported as a lower LF/HF ratio at rest, which resulted
in a faster HR recovery after exercise.
Music and HRV
In a study that used HRV to measure music’s effect on exercise, Urakawa and
Yokoyama’s (2005) asked participants to rest with or without music, pedal a bike for 15 minutes,
and rest again with or without music. HRV was measured before and after exercise. The
researchers found that listening to music pre- and post-exercise promoted the sympathetic nerve
response and increased sympathetic nerve activity compared to a non-music control.
The State of Flow
Another component that is often studied within the context of both music listening and
physical exertion is flow. Flow is considered an optimal psychological state where the challenge
being faced is nearly perfectly matched to the skills the performer brings in, and is often
experienced by runners (Csikszentmihályi, 1990). The Flow State Scale-2 and the Dispositional
Flow Scale-2 are two self-report instruments that are reliably used to determine the experience of
flow during physical activity (Jackson & Eklund, 2002). These scales measure flow after it has
been experienced. However, a biomarker that reflects flow in real time has yet to be found.
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Music, Exercise and Flow
Several studies report that using music during physical exertion increases the experience
of flow (Karageorghis et al., 2008; Pates et al., 2003). One study examined the interaction
between aerobic exercise, flow, and music found that music played at a medium, fast, and mixed
tempo, compared to a no music control, yielded higher flow scores when walking at 70% max
heart rate on a treadmill (Karageorghis et al., 2008). Another study looked at how self-selected
background music influenced flow and netball shooting performance in three netball players
(Pates et al., 2003). In this study, participants were given an explanation of flow state and were
instructed to select a track of music that facilitated feelings similar to the experience of flow. The
selected music was then played while participants attempted 12 shots. This study found that two
of the participants experienced an increased perception of flow and all three participants
increased their netball shooting performance during the self-selected music intervention.
Flow and HRV
In his 2016 review on flow in sports, Swann (2016) reported that one of the most pressing
issues to be addressed in flow research is finding a causal explanation, encouraging researchers
to move beyond the factors associated with flow, and instead investigating how the factors
influence the occurrence of flow.
Some studies have used psychophysiological measures, including HRV, to study flow (de
Manzano et al., 2010; Harmat et al., 2015; Keller et al., 2011). de Manzano et al. (2010) had
professional classical pianists play a musical piece and then report their experience of flow.
Measures were taken on arterial pulse pressure waveform, respiration, head movements, and
activity from the corrugator supercilii and zygomaticus major facial muscles. The researchers
found a significant relation between the experience of flow and heart period, blood pressure,
13

HRV, activity of the zygomaticus major muscle, and respiratory depth. Harmat et al. (2015)
found similar results when they had participants play TETRIS under three conditions: (1) easy
difficulty, (2) optimal difficulty, (3) difficult difficulty. Measurements were taken on cardiac and
respiratory activities, and the average oxygenation changes of the prefrontal cortex. The results
showed that the experience of flow was associated with higher respiratory depth and with lower
Low-Frequency power of HRV, indicating increased parasympathetic activity.
The N-of-1 Design
The N-of-1 design is becoming increasingly popular due to its ability to develop and test
individualized interventions (Lillie et al., 2011). A systematic review looking at how often the Nof-1 design was used to study or change health behaviors between the years of 2000 and 2016
found 39 articles using the N-of-1 design with 14 studies that assessed physical activity
(McDonald et al., 2017). The N-of-1 design is used frequently to assess the effect of different
interventions on elite athletes (Sands et al., 2019). This is due to the fact that elite athletes make
up a small population, making it difficult to recruit enough participants for a robust RCT
designed study. Looking at the effect an intervention has on the individual is also important to
examine subtle differences within such a skilled population.
Cooper, Wilson, and Jones (2019a, 2019b, 2020) have conducted several N-of-1 studies
looking at the effect of different interventions on the performance of elite athletes. In one study,
the researchers examined whether personalized self-talk interventions had an effect on mental
toughness, RPE, perceived performance, urge to slow down, and finish time within three elite
athletes (Cooper, Wilson, & Jones, 2020). This study found that the personalized self-talk
intervention positively affected mental toughness and finish time across all three participants.
However, the intervention did not consistently affect RPE, urge to slow down or perceived
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performance. The researchers pointed out the importance of the N-of-1 design in being able to
capture these individual differences that may have been masked in reporting the group averages
of these measures. Instead, the N-of-1 design allowed analysis that found the averaged success of
the self-talk intervention across participants, while also determining the intervention was
successful within different variables for each participant.
Other studies have demonstrated the use for N-of-1 trials beyond the elite athlete
population. Nymann et al. (2016) used an N-of-1 RCT design to assess physical activity within
adults aged 60-87 that highlighted individual differences in response to multiple interventions.
Their N-of-1 study examined whether goal-setting, self-monitoring, or an active control resulted
in increased daily walking as measured by pedometers. They found that four of the 10
participants increased walking during the goal-setting condition and seven out of the 10
participants increased walking during the self-monitoring condition. The researchers pointed out
this benefit of examining individual results, reporting that, while interventions may be successful
on average, this success may not be applicable on the individual level. This highlights the
importance of collecting and examining the reasons for individual success or failure within the
context of what may be an intervention displaying averaged success. Andrews and Bressan
(2018) used a single subject N-of-1 design to examine whether synchronized metronome training
was effective for a single leg, below knee Paralympic sprinter. A computer-based program
provided temporal cues for the participant to synchronize their hand and foot movements
precisely to. The participant underwent two trials a week for six weeks. The results indicated
improved motor timing and rhythmicity of the participant. However, only minimal and nonsignificant improvements were seen in the actual motor performance.
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Summary
As research continues to delve into different methods to increase physical performance,
music could be an easily accessible, non-invasive solution to improving physical performance as
well as the perceptual experience during exercise. The current study aimed to expand the
literature related to the effect music has on HRV, the perception of exertion and the experience
of flow during tasks that require physical exertion. Utilizing the N-of-1 design, the current study
examined the effects of running to synchronous, asynchronous, and no music on the individual,
casual runner, providing new data and insight as to whether the ability to specifically
synchronize or not synchronize to music affected physiological and psychological measures.
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METHODS
Study Design
This study was a quantitative, N-of-1 alternating treatment design with three levels of the
independent variable. The N-of-1 alternating treatment design is used when comparing two or
more interventions to determine the relative impact each intervention has on the outcome
measures and identifies whether a specific component of an intervention, in this case the tempo
of the music stimulus, is responsible for the change in the outcome measures (McDonald et al.,
2017). Each participant underwent three trials in random order. Within the three trials,
participants were asked to run for 10 minutes while listening to (1) synchronous music, (2)
asynchronous music, or (3) a white noise, no music control.
Participants
Two Western Michigan University (WMU) students were recruited for the current study
via convenience sampling through the use of flyers distributed via email and posted in the
College of Health and Human Services building (Appendix A). Flyers were sent to WMU faculty
and distributed to students. Recruitment began March 17, 2020 and was paused one week later
due to Michigan’s Covid-19 stay at home orders. Recruitment restarted September 4, 2020,
resulting in seven potential participants showing interest in participating in the study. Two
interested participants completed the informed consent document and subsequently participated
in the study. Figure 1 outlines the recruitment process and timeline implemented for this study.
The inclusion criteria required that participants be WMU students, faculty, or staff who
identify as casual runners. For this study, a casual runner was defined as a person capable of
running for 10 minutes at a consistent pace without extreme effort and having the knowledge of
their typical running pace. Exclusionary criteria included being fitted with a heart pacemaker and
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Figure 1. Recruitment Timeline
any physical limitations that would prevent the ability to run for 30 total minutes, broken into 10
minutes intervals. The final exclusionary criterion was the inability to run for 10 minutes without
extreme exertion. Extreme exertion in this study was defined as difficulty breathing while
running, experience of lightheadedness and/or nausea during or after running, and inability to
maintain a set pace for 10 minutes.
Eligibility criteria for this study were determined by sending a brief questionnaire to
interested participants. The questionnaire included a Physical Activity Readiness Questionnaire
(PAR-Q) to assess physical fitness and additional questions to determine if participants met the
specified criteria (Appendix B).
The final sample included two 21-year-old male participants currently enrolled at WMU.
Data was collected at the biomechanics lab located on the WMU campus. Participants were
compensated with a $25 Amazon gift certificate upon completion of the study protocol.
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Procedure
Participants individually met with the student investigator at a predetermined time in a
biomechanics lab located on the WMU campus. Before entering the lab, participants were
required to complete a health monitoring form provided through GoWMU the day prior to
coming to campus in order to confirm each participant was not exposed to COVID-19 nor
currently experiencing symptoms indicative of COVID-19. The two participants were scheduled
with an hour break between each participant to ensure time to sanitize the lab.
Upon entry to the research space, participants and all research personnel were required to
disinfect their hands with hand sanitizer. All lab personnel were outfitted with surgical masks
and gloves. Gloves were discarded between participants. All research personnel maintained a
six-foot distance from each other and the participants for the duration of the trials. Participants
were required to wear masks for the duration of the study, excluding when running on the
treadmill, where participants were over six feet distance away and were facing away from
research personnel.
Prior to beginning the trials, each participant reviewed the informed consent
documentation with the student investigator to confirm their consent for participation and was
able to ask any questions prior to beginning the trials. After confirming consent, the participants
were provided the AfterShokz Trekz Titanium Bluetooth headphones and the Polar H10 heart
rate sensor and chest strap, which were disinfected before and after participant use. The
participants were instructed to put on the headphones and the chest strap with the Polar H10
heart rate sensor connected. The heart rate sensor was attached to a chest belt, which was
positioned around the participants’ chests at the apex of the ribcage curvature for the duration of
each trial to collect RR interval data for the entirety of each trial. A visual aid was provided to
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facilitate proper placement (Appendix D and E). Participants were instructed to inhale to ensure
the heart rate strap was secure and not constricting and were instructed to adjust the strap tension
if necessary. The student investigator confirmed the heart rate sensor was placed correctly by
checking the RR interval reading on the connected Elite HRV App.
After the Polar H10 heart rate sensor was connected, the student investigator collected a
one-minute ECG reading of the participants’ baseline HRV. The participants were then provided
the instructions on how to complete the OMNI rate of perceived exertion scale and the Flow
State Scale-2.
During the five-minute pre-trial, the student researcher verified the Polar H10 heart rate
sensor was properly attached and the music stimulus was properly connected to the headphones.
The participants were then instructed to begin the pre-trial where they were asked to run for five
minutes on the treadmill in order to determine their preferred pace, preferred volume of music,
and to habituate to running with the Polar H10 heart rate sensor. The treadmill was pre-set at a
one-percent gradient (Jones & Doust, 1996). The timer on the treadmill screen was covered and
participants were blinded to the time elapsed in each trial. When setting the pace, participants
were instructed to select a pace at which they could comfortably hold a conversation and
maintain for 10 minutes. The student investigator also instructed participants to refrain from
holding onto the treadmill while running; however, participants were instructed to hold onto the
treadmill to steady themselves if they began to feel unstable. The participants were informed
they would not be able to change the selected pace for the duration of the study. Controlling the
pace across trials ensured the music stimulus would be effectively synchronous or asynchronous
for the respective conditions. After the participants set their preferred pace, the student
researcher began counting the number of times the participant’s right foot struck the group
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during a one-minute period to determine the tempo of the music for the synchronous and
asynchronous conditions. Controlling the pace also increased the likelihood of the participants
maintaining the same respiration rate across trials, which would decrease the chances of
respiration rate influencing the HF frequency of the participants’ HRV (Allen et al., 2007). After
completing the five-minute pre-trial, the participants were given a five-minute rest period.
After the five-minute rest period, participants removed their masks upon stepping on the
treadmill, and were instructed to begin the first trial by setting the treadmill to the preselected
pace and running for 10 minutes while listening to the provided music stimulus. The student
investigator began the HRV reading as the participants set up the treadmill and marked the time
at which the treadmill reached the preselected speed. After completion of the 10-minute run, the
participants put their mask back on and were given the OMNI rating of perceived exertion scale
and the Flow State Scale-2 to complete. The participants were then given a rest period where
they were able to sit or walk and were provided water. After a five-minute rest period, the
participants were instructed to begin the next trial.
The participants completed the second and third trial, repeating the steps outlined above.
When all trials were complete, the participants removed the Polar H10 heart rate sensor and the
headphones. The student investigator thanked the participants for participating in the study and
gave them the opportunity to debrief and conclude their participation in the study. Participants
were then sent a $25 Amazon gift card, delivered to their WMU student email. Upon completion
of each participant’s trials, all equipment was disinfected using a bleach solution per the CDC
guidelines.
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Study Condition
The music used in this study was pre-selected by the investigator. The music was a 10
minute selection starting at the 3 minute 31 second mark from the track “EDM Workout Music
2018 Top 100 Remixes (2 Hrs Trance Fitness DJ Mix)” selected from the album EDM Workout
Music 2018 Top 100 Hits Trance Dubstep 8 hr DJ Mix. This music was selected because the
primary musical element of focus in this study was tempo, which was set at a speed that did or
did not facilitate synchronization. The tracks on this album were all set at a controlled tempo.
This ensured there was no fluctuation of tempo within the track, which was necessary to provide
consistent synchronization or asynchronization throughout the trial. This music was also selected
because the rhythmic elements emphasize the tempo of the music, with the beat being
consistently emphasized throughout the track. This supported synchronization based on the
knowledge that the human body is predisposed to respond to the rhythmical elements of music
which can in turn increase the likelihood of synchronization (Karageorghis & Terry, 1997). The
starting point of 3 minutes and 31 seconds was chosen through the process of this researcher
listening through the music track at a maximum and minimum possible tempo and choosing a
section that did not sound warped at either speed. Finally, the selected music stimulus contained
no vocal track, which has a tendency to sound warped when tempo is adjusted.
The TempoSlow iPhone application was used to adjust the music stimulus’ bpm to
synchronize to the participants’ running pace for the synchronous condition; and then to set the
music stimulus’ bpm to 30% slower than the participant’s running pace for the asynchronous
condition (Ramji et al., 2016). The tempo was calculated by doubling the number of the
participant’s right foot strikes during a one-minute period, which equaled the synchronous
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condition’s tempo. The asynchronous tempo was then calculated by reducing the synchronous
tempo by 30%.
A 10-minute white-noise track titled “White Noise 1 Hour Long” selected from the
album White Noise was played for the no-music control trial. This track contained a continuous
white-noise sound with no discernable tempo or rhythmic elements.
The music was delivered through AfterShokz Trekz Titanium Bluetooth headphones
(AfterShokz, New York, United States). The headphones were positioned over the ears with the
speakers sitting on the apex of the cheekbone, in front of the tragus of each ear. The participants
were instructed to select their preferred volume level during the five-minute pre-trial run, and to
keep the volume the same for the subsequent three trials. These headphones were chosen to
ensure consistent facilitation of the music stimulus across participants while also ensuring
appropriate sanitation measures of the headphones between participants.
Measures
Heart Rate Variability
HRV was used to measure physiological response across conditions. The primary HRV
measure used for analysis was the time domain value of RMSSD (ms). Each trial was also
analyzed for the frequency domain measures of HF Power (ms2) and LF Power (ms2) using the
AR model. AR analysis was conducted with the LF band set at 0.04-0.15 Hz. The lower limit of
the HF band was set at 0.15 Hz; the upper limit of the HF band was set at half the mean heart
rate to include the whole range of possible respiratory frequencies (Bailón et al., 2010). This
made the HF band 0.15-1.57 Hz for participant one and 0.15-1.56 Hz for participant two.
Because the parameters of the HF band were changed from the standard respiratory band of 0.140.40 HZ, the frequency domain analysis was reported secondary to the time domain measure of
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RMSSD as is recommended when the respiratory rate falls outside the boundaries of 0.14-0.40
Hz (Laborde et al., 2017). The LF band of 0.04-0.15 Hz was not changed as it is reported to
remain constant during stress testing (Bailón et al., 2006).
HRV was collected via ECG recording and was measured as RR interval data through the
Polar H10 heart rate sensor (Polar Electro Oy, Kempele, Finland). The Polar H10 heart rate
sensor is currently recommended as the gold standard for RR interval assessments for moderate
to intense activities where strong body movements may occur (Gilgen-Ammann et al., 2019;
Umair et al., 2020; Speer et al., 2020). Gilgen-Ammann et al., (2019) reported that the Polar H10
heart rate sensor maintained signal quality of 99.4% during high-intensity activities. A sampling
rate of 1000 Hz was used, as recommended by Camm et al. (1996). The Polar H10 heart rate
sensor was linked to the Elite HRV App, which stored the RR interval data for each trial.
Rate of Perceived Exertion
The OMNI rating of perceived exertion scale (Haile et al., 2016) was administered
immediately after each trial to measure RPE (Appendix C). The OMNI scale is an ordinal scale
ranging from the numbers 0-10 with 0 representing “extremely easy” level of exertion and 10
representing “extremely hard” level of exertion. Participants were trained in the use of the scale
via reading the provided instructions from the Perceived Exertion Laboratory Manual prior to
beginning the trials.
Flow State
The SHORT Flow State Scale-2 (Jackson & Eklund, 2004) was administered
immediately after each trial to determine the level to which each participant experienced flow.
The SHORT Flow State Scale-2 includes nine 5-point Likert scale questions relating to the
participant’s experience of flow during the trial. The nine responses were then summed together
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and divided by nine to determine the participants’ flow score for that trial. Low scores of 1-2
indicate little or no experience of flow, and high scores of 4-5 indicate moderate or high
experience of flow. A middle score of 3 is interpreted as being neither strongly indicative of an
experience of flow nor strongly indicative of no experience of flow. Participants were trained in
the use of the scale via reading the provided instructions from the Flow Scale Manual prior to
beginning the trials.
Data Analysis
HRV data was recorded for the duration of each trial using the Polar H10 heart rate
sensor and stored via RR interval data through the Elite HRV application. The resulting RR
interval data was analyzed using the program Kubios (Kempele, Finland; Kubios HRV Analysis
v 3.4.3, Kuopio, Finland). Data was analyzed using the time domain method and AR analysis
with the smoothness priors method of detrending applied.
The automatic artifact correction algorithm was used to detect artifacts in the RR interval
series. The percent of artifacts corrected did not exceed 5% in any individual trial, which is the
threshold recommended by the Kubios user’s guide to avoid significant distortion to the results
(Standard, H.R.V., & Premium, H.R.V., 2018). Because the automatic artifact correction
algorithm corrects beats based on the two preceding and two succeeding RR-intervals, the RR
data was manually inspected and sections were excluded as noise if there were two or more
artifacts within two beats of each other, or if there was a visible interruption in the RR sequence.
The five-minute detrended RR series with the removed noisy sections marked for each trial for
participant one and two can be found in Appendix F. A full summary of the number of artifacts
corrected and amount of time marked as noise for each trial for participant one and two can be
found in Appendix G.
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A five-minute segment from each trial was pulled for analysis, as is the recommended
standard length for short-term HRV recordings (Camm et al., 1996). Each five-minute segment
for participant one began at the 2:00 minute mark. Each five-minute segment for participant two
began at the 2:05 minute mark. These two starting points were chosen: (1) to avoid the rapid
increase in heart rate due to the change from resting to physical exertion. The change in heart
rate at the beginning of exercise is due to different mechanisms than the changes in heart rate
that occur during the continuation of physical activity and as such this change was omitted from
analysis (Aubert et al., 2003); (2) to avoid the noisiest segments of the control and asynchronous
conditions for participant one, and to avoid an artifact at the 2:00 minute mark for participant
two (Camm et al., 1996).
Noticeable differences in respiration rate were looked for using HF peaks (Thayer et al.,
2002) to help inform on whether differences in HRV were due to changes in respiration. It is
recommended to perform an ANCOVA test when significant differences are found to determine
the influence respiration has on frequency domain measures (Thayer et al., 1996). However, as
statistical analysis was not performed on any data, HF peak was reported and differences were
noted as possible influences in the interpretation of the results.
Data was graphed and analyzed via visual inspection. Visual inspection is one of the
primary approaches used when analyzing data in N-of-1 trials, the second primary approach
being statistical analysis (Sands et al, 2019). As Backman and Harris (1999) have reported,
visual analysis provides the advantage of presenting graphs that are easily understood by a wide
audience. Visual analysis was performed via graphing and analyzing data for changes in level,
trend, and variability between the conditions. Sands et al. (2019) reports the pitfall of inherent
biases that emerge when performing visual analysis and recommends coupling visual analysis
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with statistical analysis. However, as each participant only underwent one trial for each
condition, only visual inspection was performed on the data, as there was not enough data to
perform statistical analysis. The interpretation of the results will be performed with the
acknowledgment of these limitations.
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RESULTS
The objective of this study was to determine whether running to synchronous,
asynchronous, or no music affected physiological measures and mental state during physical
exertion. Results of this study included the HRV, RPE and flow data collected for the two
participants and visual analysis of these results across the three trials for each individual
participant. The primary variables collected and reported were the time domain HRV measure of
RMSSD (ms), reported in conjunction with Mean RR (ms); the frequency domain HRV
measures of HF power (ms2) and LF power (ms2); and the self report measures of RPE and flow.
A table of all of the data collected can be found in Appendix H.
Participant One
The completed trial order for participant one was: asynchronous condition, synchronous
condition, control condition. Each trial length was scheduled to last 10 minutes. Participant one
completed 10 minutes of the asynchronous condition, 9 minutes 55 seconds of the synchronous
condition, and 7 minutes of the control condition. Participant one ended the synchronous and
control trial early due to reported exhaustion. The results of each trial are reported in Table 1.
The synchronous and control trial are marked with an asterisk due to participant one being
unable to complete the full 10 minutes of each trial.
As reported in Table 1, participant one had the highest mean RR of 322 ms for the control
condition, followed by the synchronous condition at 317 ms, and the lowest mean RR of 315 ms
in the asynchronous condition. In comparison, the largest RMSSD was found in the synchronous
condition at 2.6 ms, with the synchronous and control condition both lower at 2.3 ms.
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Referring to Table 1 for the frequency domain measures, the highest HF power of 2.17
ms2 was in the asynchronous condition, followed by the asynchronous condition of 2.15 ms2, and
the lowest HF power of 1.74 ms2 for the control condition. The change in LF power is opposite
the change in HF power across conditions, with the lowest LF power of 0.09 ms2 for the
synchronous condition, followed by the asynchronous condition of 0.20 ms2, and the highest LF
power of 0.11 ms2 for the control condition. Also, when looking at the reported value of HF peak
in Table 1, the difference of the HF peaks across conditions suggests a difference in respiration
rate across trials, which may have affected HF power. Figure 3 depicts the change in HF and LF
power across trials, highlighting the visible reduction in power in the control condition.

Figure 3. Participant One HF and LF Power (ms2)
Referring to Table 1 for RPE and flow scores, participant one’s lowest RPE score was 7.5
for the asynchronous condition, followed by the synchronous condition with a RPE score of 9,
with the highest RPE score of 10 in the control condition. Participant one reported the highest
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flow score of 4.22 for the asynchronous condition, followed by the synchronous condition at
3.11, with the lowest flow score of 2.44 in the control condition. This suggests participant one
only experienced the sense of flow in the asynchronous condition. Figure 4 depicts the change in
RPE and flow scores; illustrating the inverse relationship of these two scores across trials.

Asynchronous

Synchronous*

Control*

Figure 4. Participant One Reported RPE and Flow Scores
Participant Two
The completed trial order for participant two was: synchronous condition, control
condition, asynchronous condition. Participant two completed the full 10 minutes of each trial.
The results of each trial are reported in Table 2.
As reported in Table 2, participant two has the highest mean RR of 322 ms for the
synchronous condition, followed by the asynchronous condition at 321 ms, and the lowest mean

31

RR (

R

0.35

0.4

0.35
Sample 1

0.3

Sample 1
00:01:40 00:00:00
00:03:20 00:01:40
00:05:00 00:03:20
00:06:40 00:05:00
0.3
RR Series Selected Detrended RR Series
00:00:00
00:01:40
Table 2
Selected Detrended RR Series
10Results by Condition
Participant
Two: HRV and Self-Report
5
RR (s)

Synchronous

Control

5

00:08:20 00:06:40
Sample 1 00:10
00:03:20

00:05:00

Asynchronous

RR (s)

Time
0 Domain
Mean RR (ms)
322 0
320
321
2.7
2.8
2.6
-5RMSSD (ms)
Frequency Domain
-5
2:30
00:03:20
00:04:10
00:05:00
00:05:50
00:06:40
00:02:30
00:03:20
00:04:10
00:05:00
00:05
HF
Peak (Hz)
0.43
0.53
0.40
00:02:30
00:03:20
00:04:10
2
Time
(h:min:s)
Time (h:min:s)
HF Power (ms )
3.32
3.58
3.56
Time (h:mi
2
LF Power (ms )
0.60
0.45
0.44
sults compared
to normal
values to normal (resting) values
Self-Report
Kubios
HRV - (resting)
Results compared
Parasympathetic
Nervous System
Parasy
Kubios
HRV - Results compared
to normal
(resting)
values
RPE
4
7
7
Mean RR
RMSSD
Mean
hetic tone (recovery)
Sympathetic
tone (stress) 4.77
Flow
5
4.66
Parasympathetic tone
(recovery)
Sympathetic tone (stress)
Parasympathetic tone (recovery) 322 ms
PNS Index = -4.67SNS Index = 28.49
SNS Index = 29.62
PNS Index = -4.67

Index = -4.66

2SD
SD
-SD -2SD
-2SD -SD
SD 2SD
2SD SD
-SD -2SD
PNS Index -S=
-2SD -SD the largest
SD RMSSD
2SD
2SD SD
RR of 320 ms in the control condition. In comparison,
is found in the control

Mean RR

Mean HR
Sympathetic Nervous System
(
Sym
condition at 2.8 ms, followed by the synchronous condition
at 2.7 ms, and the lowest
RMSSD
Stress index
RMSSD
Stress
index
RMSSD
Mean HR
Stress index
Mean
SD2
SD1
SD2
186 bpm
107.9 188
score of 2.6 ms for the asynchronous
condition.
SD1
1

ms)

ms)
ms)

LOW

-34

-25 5-1 40 31 22 13 04 -15 5-2 4-3 3 -4 2 -5 1
0 -1 -2 -3 -4 -5
SNS
-5 -4 -3 -2 -1
0
1
2
3
4
5 5
3
2
1 Index
0 -1=
Figure 5 includes
the
RR
distribution
for
each
of
participant
two’s
trials
with the4 mean
NORMAL
HIGH HIGH
NORMAL
LOW

HIGH

HIGH

NORMAL
LOW

LOW
NORMAL

HIGH

HIGH

NORMAL

RR (ms) and RMSSD (ms) for each trial reported below. Similar to participant one, these graphs
Time-Domain
Results
Synchronous

Frequency-Domain
Results (AR
Spectrum)
Frequency-Domain
Results (AR
Spectrum)
Control
Asynchronous
Time-Domain
Results
Frequency-Do

Units
Value
Value Variable
RR distribution
(ms)
320
322 Mean RR*
(bpm)
188
186 Mean HR*
(bpm)
176
176 Min HR
(bpm)
195
194 Max HR
(ms)
2.2
2.1 SDNN
(ms)
2.8
2.7 RMSSD
(beats)
0
0 NN50
(%)
0.00
0.00 pNN50
1.87
1.76 RR triangular index
(ms)
10.0
11.0 TINN
Stress
Index
(SI)
113.1
107.9
(ms)
1.2
1.2 DC
2.8 DCmod0.31 0.32 (ms)
0.33 0.342.8
RR (s)

Units
VLF
LF
RR distribution
Variable
Units
VLF Variable
LFdistribution
HF
RR Spectrum
Variable
Units
Value
Variable
RR
0.000
Frequency0.15-1.00
band (Hz) 0.00-0.04
0.04-0.15
0.15-1
Frequency
Mean RR* band (Hz)
(ms)0.00-0.04
321 0.04-0.15
Frequency
ban
frequency0.427
(Hz)
0.003
0.040
0.
Meanfrequency
HR*
(bpm)
187 Peak
Peak
(Hz)
0.037
0.040
Peak
frequency
2
2
Min HR
(bpm)
172
Power
0
0
Power
0
1
2
Power
(ms
)
(ms )
Max HR
(bpm)
192 Power
(log)
0.000
0.000
0.
Power
Power
(log)
0.000
0.000
0.906
SDNN
(ms)
2.1
Power
(%)
11.98
12.70
75
Power
Power
(%)
9.64
17.68
72.64
RMSSD
(ms)
2.6 Power
(n.u.)
14.43
85
Power
Power
(n.u.)
19.57
80.39
NN50
(beats)
0
------------------------------------pNN50
(%)
0.00
4 Total power
Total
power index
3 Total power
(ms 2 )
RR triangular
1.41
(ms 2 )
Total Power
(log)
1.263
Total
(log)
1.226
TINNPower
(ms)
11.0 Total Power
LF/HF ratio
0.169
Stressratio
Index (SI)
104.4 LF/HF ratio
LF/HF
0.243
EDR
0
EDR
(Hz)
DC
(ms)
1.4
EDR
(Hz)
DCmod
(ms)
2.7
0.31
0.32
0.33
0.34
0.35
0.31 0.32 0.33 0.34
0
0.5
RR (s)
RR (s)
Frequency (H

PSD (s2 /Hz)

ms)
m)
m)
m)
ms)
ms)
ats)
%)

-43

Nbr of beats

nits

2
-5

Nbr of beats

0

NORMAL

ults

Mean HR

Mean RR

Nbr of beats

1

SD 2SD

Sympathetic
(s
2.7 ms tone
320
SNS Index = 27.

Nonlinear Results

Nonlinear Results

Poincare Pl

log 10 F(n)

RRn+1 (ms)

log 10 F(n)

RRn+1 (ms)

RRn+1 (ms)

Poincare Plot Detrended fluctuations (D
Poincare
Mean RR (ms)
322
Mean
RR (ms) Plot320
Mean RR (ms)
321
Variable
Units
Value
Variable
Units
Value
Units
Value
RMSSD (ms)
2.7
RMSSD
(ms)Plot 2.8
RMSSD (ms)
2.6
-2
Poincare
SD2
Poincare Plot
-2.2
SD2
SD1
5
SD1
(ms)
1.8
SD1
SD1(ms)
(ms)
2.0
Figure
5. Participant
1.9Two RR Distribution
SD1
5 SD2 with Mean RR and RMSSD Reported
(ms)
2.4
5
SD2(ms)
(ms)
2.4
2.3
SD2/SD1
1.298
-2
SD2/SD1
1.193
-2.4
1.219
Approximate
Entropy
(ApEn)
1.638
Approximate Entropy
1.625
32
py (ApEn)
1.642(ApEn)
Sample Entropy
(SampEn)
2.112
Sample
Entropy
(SampEn)
2.130
SampEn)
2.162
Detrended Fluctutation Analysis (DFA)
0
-2
Detrended Fluctutation Analysis (DFA)
-2.6
0
0 Short-term fluctuations, 1
ation Analysis (DFA)
0.746
Short-term
fluctuations,
1
0.626
ations, 1
0.609
Long-term fluctuations, 2
0.752
Long-term fluctuations,
2
0.882
tions, 2
0.864
Correlation Dimension (D2)
0.000
-2
Correlation Dimension
0.000
-2.8
1
sion (D2)
0.000 (D2)
Recurrence Plot Analysis (RPA)
(beats)

show a clear difference in RR distribution between the trials with the synchronous and control
trial both reflecting a fairly normal distribution of RR intervals and the asynchronous condition
showing a slight positive skew with more RR intervals clustered below the mean of 321 ms.
Referring to Table 2 for the frequency domain measures, the highest HF power of 3.58
ms2 was in the control condition, followed by the asynchronous condition of 3.56 ms2, and the
lowest HF power of 3.32 ms2 for the synchronous condition. The change in LF power is opposite
the change in HF power across conditions, with the lowest LF power of 0.44 ms2 for the
asynchronous condition, followed by the control condition of 0.45 ms2, and the highest LF power
of 0.60 ms2 for the synchronous condition. Also, when looking at the reported value of HF peak
in Table 1, the difference between HF peaks across conditions suggests a small difference in
respiration rate across trials, which may have affected HF power. Figure 6 depicts the change in
HF and LF power across trials, highlighting the consistency of power across trials, with a slight
reduction in power in the synchronous condition. Also observed is a slight difference between
the distribution of HF and LF power in the synchronous condition as compared to the
asynchronous and control condition.
Referring to Table 2 for RPE and flow scores, participant two’s lowest RPE score was 4
for the synchronous condition, followed by a score of 7 for both the asynchronous and control
condition. Participant two reported the highest flow score of 5 for the synchronous condition,
followed by the score of 4.77 for the control condition, with the lowest flow score of 4.66 for the
asynchronous condition. This suggests participant two experienced a sense of flow across all
conditions. Figure 7 depicts the changes in RPE and flow scores for participant two across trials.
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Figure 6. Participant Two HF and LF Power (ms2)

Synchronous

Control

Figure 7. Participant Two’s Reported RPE and Flow Scores
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Asynchronous

DISCUSSION
The objective of this study was to determine whether running to synchronous music,
asynchronous music or no music affected physiological and perceptual measures during physical
exertion, with the hypothesis that synchronous music would have a greater positive effect on
physiological and perceptual measures as compared to the asynchronous and control condition.
Within the interpretation of both participants’ results, less emphasis will be placed on the
frequency domain measures of HF power and LF power. Recommendations from previous
studies indicated use of spectral analysis should be restricted to lower exercise intensities when
attempting to make meaningful physiological interpretations (Mendonca et al., 2009), as it has
been suggested that HF power may not accurately reflect vagal tone when respiratory rate falls
above the standard HF band of 0.15-0.4 HZ. This is due to the higher influence of respiration and
non-neural mechanisms on HF power that occurs when the HF frequency moves above the
standard band (Laborde et al., 2017). The results for both participants are discussed below.
Participant One
The implication of participant one’s results will be discussed with the knowledge that
there were multiple complications related to the data collection process. Specifically, the HRV
measures of RMSSD and HF and LF power may not accurately reflect participant one’s actual
HRV measures during the trials as they were almost certainly influenced by the quality of the
data. As was reported in Appendix G, the asynchronous and control trial of participant one
contained extensive artifacts and noisy sections that were omitted from analysis. As Berntson
and Stowell (1998) reported, including even one artifact in an analysis or deleting sections of a
recording being used for analysis can greatly impact the outcome measures. This knowledge
leaves the interpretation of participant one’s HRV results up to question as it is uncertain how
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accurate these measures are. These complications will be discussed more in the limitations
section.
In comparing all of the results of the three conditions, the synchronous condition had the
highest RMSSD of 2.6 ms and the highest HF power of 2.17 ms2. However, the synchronous
condition did not have the lowest RPE score or the highest flow score. The lowest RPE score of
7.5 and the highest flow score of 4.22 were both reported in the asynchronous condition. Next,
the control condition had the lowest HF power of 1.74 ms2 and tied with the asynchronous
condition with the lowest RMSSD of 2.3 ms. Finally, the control condition had the highest RPE
score of 10 and the lowest flow score of 2.44.
There could be several reasons for these differences across conditions. First, the
synchronous condition had the highest RMSSD and HF power. This suggests that the use of
synchronous music was most effective in increasing HRV. This supports the findings by Fritz et
al. (2013), who found that running to synchronous music facilitated more efficient movement,
thus reducing the work required during exercise and facilitating a higher HRV.
Next, the results of the control condition, specifically the perceptual measures or RPE
and flow, support the findings of previous studies that using no stimulus or a white noise control
compared to a music stimulus results in increased perception of work and decreased experience
of flow (Karageorghis & Priest, 2012a, 2012b). The inability for the control condition to alter
these perceptual measures is also supported by the fact that RMSSD was 2.3 ms for both the
control and asynchronous condition. This suggests that the use of asynchronous music was not
effective in altering the physiological measure of HRV between these two conditions, but was
effective in altering the perception of how easy or difficult the run was. This is supported by
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Edworthy and Waring (2006), who found that the use of music during exercise is more effective
in changing perceptual measures compared to physiological measures.
Interestingly, RMSSD, HF power and LF power did not change consistently across
conditions. This is most likely due to the fact that participant one was exercising near or up to the
point of exhaustion in at least the synchronous and control condition as evidenced by him having
to stop the second trial of the synchronous condition five seconds early and the third trial of the
control condition three minutes early due to reported exhaustion. This is supported by the clear
reduction in HF and LF power in the control condition, which is observed to occur during
maximal exercise (Aubert et al., 2003). Another reason for this discrepancy is that the HF peak,
which is noted to be a dependable indication of respiratory frequency (Laborde et al., 2017),
varies drastically across conditions. This could also account for the changes observed in HF
power differing from RMSSD, as HF power is more influenced by respiration compared to
RMSSD (Laborde et al., 2017).
Across all three conditions for participant one, the amount of HF power is observably
greater than the amount of LF power. LF power is reflective of sympathetic engagement, and is
typically more prominent than HF power during low-intensity exercise, but is observed to
decrease dramatically during medium- to high-intensity exercise (Sarmiento et al., 2013). The
prominence of HF power compared to LF power may be attributed to an increase in respiratory
rate combined with the disappearance of cardiac autonomic control, a process that is observed to
occur during heavy intensity exercise (Cottin et al., 2004). In line with this is the observation that
LF power is visibly higher in the asynchronous condition compared to the synchronous and
control condition, which supports the theory of participant one being further from exhaustion in
the asynchronous condition.
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Participant one’s inability to complete the synchronous and control conditions may also
provide an alternative explanation for the perceptual measures of RPE and flow. Participant one
underwent the asynchronous condition first and reported the lowest RPE score and the highest
flow score for that trial, while reporting the highest RPE score and the lowest flow store for the
control trial, which was the last trial participant one experienced. Based on this observation, it
appears there may not have been a long enough washout period between trials, and these
perceptual measures may have been affected by the compounding effort of the previous trials.
Interestingly, while it appears the perceptual measures of RPE and flow were influenced
by the trial order, they do not line up with the HRV measure of RMSSD. The synchronous
condition resulted in the highest RMSSD of 2.6 ms compared to both the asynchronous and
control trial, both of which had an RMSSD of 2.3 ms. These results may suggest that, even
though participant one reported the perception of working harder during the synchronous
condition, the synchronization to the music may have still facilitated more efficient movement,
allowing for a higher HRV. This is supported by Fritz et al. (2013), who found when movement
was synchronized to a temporally consistent stimulus, efficiency of movement increased. This
may also suggest that, while participant one had to end both the synchronous and control trial
early, the time to exhaustion in the synchronous trial was much longer than that of the control
trial. The ability to run longer in the synchronous trial as compared to the control trial may have
been facilitated by the synchronous music stimulus. This is supported by the findings of
Karageorghis and Terry (1997), that music provides a distraction and moves mental efforts away
from focusing on exertion, allowing for the ability to complete longer durations of exercise.
Ramji et al. (2016) also supports this theory with the finding that running to synchronous music
resulted in a greater distance traveled when compared to asynchronous music.
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To summarize, while participant one reported the lowest RPE and highest flow score for
the asynchronous condition, the highest RMSSD score was recorded in the synchronous
condition. This suggests that the ability to synchronize to music may have a positive effect on
HRV, even if it does not alter the perception of effort. Also, because it was likely participant one
was close to the point of exhaustion in the synchronous and control condition, these results
suggest that running to synchronous music compared to a white noise control was effective in
increasing HRV and altering perception of effort by extending the time to exhaustion.
Participant Two
In comparing all of participant two’s results for the three conditions, the highest RMSSD
of 2.8 and the highest HF power of 3.58 ms2 were observed in the control condition. However,
the synchronous condition had the lowest RPE score of 4 and the highest flow score of 5. But,
the synchronous condition also had the lowest HF power of 3.32 ms2 and the highest LF power
of 0.60 ms2. Finally, the asynchronous condition had the lowest RMSSD score of 2.6 ms, the
highest RPE score of 7 and the lowest flow score of 4.66.
First, when looking at the HRV measures, the control condition in which participant two
ran to a white noise track resulted in the highest RMSSD and HF power, which is reflective of a
higher vagal engagement, compared to the synchronous and asynchronous conditions. One factor
that may have contributed to this difference is that participant two reported, “synchronizing” to
the white noise track. Meaning, participant two was actively focusing on the sound of his
footfalls and entraining to the consistent rhythm created by this sound. This may have increased
participant two’s mental focus on synchronization and increased vagal engagement due to the
finding that increased executive functioning results in increased vagal engagement as reflected
by higher RMSSD and HF power (Thayer et al., 2009). Fritz et al. (2013) also supports this idea,
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having found that increasing focus on movement/synchronization can result in increased
physiological effects.
As explained with participant one, higher LF power during exercise is indicative of
higher sympathetic engagement, with LF withdrawal being observed during higher intensity
exercise (Sarmiento et al., 2013). More LF power in the synchronous condition may then
indicate less sympathetic withdrawal in the synchronous condition. This could mean that
participant two was further from reaching maximal-intensity exercise in the synchronous
condition, which may also be due to the fact that the synchronous condition was the first trial
participant two underwent.
Similar to participant one, RMSSD did not change consistently with HF power and LF
power across conditions. These differences between measures are likely due to the same reasons
discussed above, namely a change in respiration as evidenced by the HF peak and the added
influence of non-neural mechanisms (Laborde et al., 2017).
In contrast to the HRV measures, the perceptual scores of RPE and flow show that the
synchronous music condition was the most effective in lowering the perception of exertion and
most conducive in facilitating the experience of flow. This is consistent with previous studies
that have found the use of music lowers the perception of exertion and increases the experience
of flow (Karageorghis & Priest, 2012a, 2012b). This is also consistent with Fritz et al. (2013)
who found that synchronous music is more effective in influencing these measures when
compared to background music.
It is possible that order effect influenced participant two’s mental state scores, although
this possibility is less clear when compared to participant one’s results. The synchronous
condition was the first trial participant two underwent, and it had the lowest RPE score and the
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highest flow score. Also, the asynchronous condition was the last trial participant two underwent
where the lowest flow score was reported. However, all of the reported flow scores were above
4. Based on the suggested interpretation from the Flow State Manual, this implies participant two
did experience flow during all three conditions. Also, the RPE score was the same for the
asynchronous and the control condition.
Finally, the results of both the physiological and perceptual measures of the
asynchronous condition suggest that adding a stimulus that discourages synchronization may be
less effective in both perceptual and physiological measures as compared to a synchronous
stimulus or no stimulus that is paired with a conscious effort to synchronize. Ramji et al. (2016)
supports this claim with their findings that running to asynchronous music resulted in less
distance run when compared to synchronous music. Also, a review by Karageorghis & Priest
(2008) support this finding, stating that the ergogenic effects of running to synchronous music
consistently exceed those found with the use asynchronous music.
To summarize, participant two’s results support the claim that running to synchronous
music may increase the experience of flow and decrease the perception of exertion. Participant
two’s HRV measures do not support the claim that synchronous music is more effective at
increasing HRV when compared to a white noise control. However, these results did indicate that
consciously focusing on synchronization, as participant two reported doing during the control
condition, was most effective in increasing HRV. Next, participant two’s results indicate that
running to an asynchronous stimulus results in a lower HRV, higher RPE, and lower experience
of flow, indicating that an asynchronous stimulus leads to less efficient running.
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Limitations
The biggest limitation of this study was the recruitment process. As reflected in Figure 1,
recruitment was halted a week after it began due to the WMU campus being shut down in
compliance with Michigan’s stay-at-home order, issued March 2020, at the start of the Covid-19
pandemic. The initial goal of this study was to recruit 10 participants. This proved to be difficult
because, once recruitment began again, many students were taking classes virtually. Also, the
student recreation center, which was intended to be the main location for recruitment, was
closed.
Another limitation within this study was the execution of the procedure. While
participants were required to fill out a PAR-Q questionnaire to determine their eligibility for the
study, there were still issues with one of the participants completing all three trials. For future
studies, it is recommended that clearer instructions be given for participants when setting their
running pace at the beginning of the trials. For example, for the second participant, this
researcher instructed the participant to set their typical running pace and then slow it down by
10%. This proved to be more effective than instructing participants to set a pace at which they
could comfortably maintain a conversation.
In relation to this limitation, the objective of this study was to analyze how music affects
HRV during sub-maximal exercise, as there is evidence that this threshold is where music is
most effective in influencing both physiological and perceptual measures (Karageorghis & Terry,
1997). However, since participant one was unable to complete the second and third trial, it
indicates that participant one was exercising at maximal output, thus not completing the study in
the desired range. As has been noted, the mechanisms that influence HRV change between
different exercise intensities. Because of this, the mechanisms that were the focus of this study,
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namely vagal tone via HF power, were confounded by these different influences such as nonneural HF oscillations, which are observed to appear at higher exercise intensities (Mendonca et
al., 2009).
Another limitation related to the execution of the procedure was setting up the
instrumentation for measuring HRV. Since contact between this researcher and participants was
as limited as possible due to social distancing guidelines, the participants were instructed to place
the headphones and HRV monitor on themselves. This proved to be an issue with participant one
who reported the Polar H10 belt was snug and secure, but ended up being too loose to keep a
secure connection for the duration of the first trial. The looseness of the belt was adjusted for the
second trial. However, the multiple adjustments made to the belt led to a reduced connection of
the monitor to participant one’s skin, resulting in a weak connection during the third trial. This
resulted in several artifacts appearing in the HRV data for the first and third trial that needed to
be corrected via Kubios’ artifact correction.
Another limitation was the amount of data collected and the number of trials run. N-of-1
trials typically administer repeated trials with baseline or washout periods between in order to
analyze the effect of an intervention over multiple trials. In this study, each participant
experienced each condition once. While this data can give implications on which intervention
was most successful for each participant, running multiple trials would allow for statistical
analysis, thus providing more statistically significant and conclusive results. While it was not
feasible for this study to set up multiple days and trials for each participant, future research
should look into completing multiple trials for each condition using randomized order to more
successfully control for treatment order effects and to gather more substantive data on the effect
of each intervention on the individual.
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Implications for Future Research
When looking at both participants’ results, a few interesting observations can be drawn
that could be the focus of future research. First, when looking at the interaction between
participant two’s perceptual and physiological measures of the synchronous and control
conditions, the question arises of what the difference is between using a passive stimulus to
facilitate synchronization versus actively focusing mental energy on synchronization; then,
whether combining these two factors may result in higher HRV and lower perceived exertion.
The participants in this study were not instructed to actively synchronize to the provided
synchronous stimulus and as such, may not have directed their mental focus on the act of
synchronizing. However, participant two did report actively focusing on synchronization during
the control trial, which resulted in the highest HRV measures. Based on this observation, it
would be interesting to look deeper into this interaction between passive and active
synchronization across different stimuli.
Second, participant two’s results suggest that not being able to synchronize to a stimulus,
as observed in the asynchronous condition, results in lower physiological and perceptual
measures. Participant one’s results also support a lowering of physiological measures when
running to an asynchronous stimulus, even when reporting lower RPE and higher flow measures.
This brings up an interesting question of applying these results to the common practice of
running to preferred music, which is found to facilitate improved perceptual experiences of
exercise (Karageorghis & Priest, 2012a). Preferred music is typically played at its original
tempo, which is subsequently not intentionally set to facilitate synchronization, which may then
actually result in asynchronization. It would be interesting to investigate the effects of running to
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preferred music set at its original tempo versus adjusting the tempo to facilitate synchronization
and observe whether or not this would heighten both perceptual and physiological measures.
Finally, while there were observable differences across the physiological and perceptual
measures across conditions within this study, the differences between the HRV measures were
extremely small. To expand on these results and further investigate the observations gained from
this study, it would be beneficial to increase the number of trials each participant undergoes for
each condition, as is commonly suggested with an N-of-1 design, but was not feasible for this
study. This would eliminate speculation as to whether the differences across conditions are
merely due to order effects. This would also allow the application of statistical analysis, which
would eliminate the biases that are inherent when only performing visual inspection of data.
Conclusion
The goal of this study was to determine whether running to synchronous, asynchronous,
and no music affects physiological and perceptual measures during physical exertion, with the
hypothesis that synchronous music would have a greater positive effect on these measures as
compared to the asynchronous and control condition. Through use of the N-of-1 design,
individual effects were found for each participant. The results from both participant one and
participant two show that asynchronous music appears to hinder HRV. The results from
participant two also indicate some support for synchronous music increasing HRV and
improving perceptual measures during exercise. However, there was no observable connection
found between the physiological measure of HRV and the perceptual measures of RPE and flow.
This study also found some evidence that mental focus on synchronization without a music
stimulus may increase HRV.
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This study adds to previous research in how music interacts with physiological and
perceptual measures during exercise, and provides a focused look at the singular component of
synchronization. Because music listening is a popular additive to exercise training, these findings
on how music may be used more efficiently and effectively can be applied to increase athletic
performance, health and enjoyment of exercise.
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For study investigating running, music, flow, and
heart rate variaiblity

A student thesis investigating
whether different speeds of music
have an effect on heart rate
variability and flow while running
Dates and times for participating are
flexible, and will consist of one session
lasting approximately 2 hrs
Participants will receive a gift card for
compensation

Who do we need?

18 yrs or older
WMU student, faculty, or staff
Casual/frequent/enthusiastic runners
Have knowledge of running pace)
Does not have a pacemaker

Can run for at least 30 min, split into 10 min intervals
Can run for 10 min without extreme exertion (i.e.
without difficulty breathing, lightheadedness, nausea,
inability to maintain a consistent pace)

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu

Contact: Jeni Gustafson, MT-BC
jeni.a.gustafson@wmich.edu
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Eligibility Questionnaire
Has your doctor ever said that you have a heart condition and that you
should only perform physical activity recommended by a doctor?

Yes

No

Do you feel pain in your chest when you perform physical activity?

Yes

No

In the past month, have you had chest pain when you were not
performing any physical activity?

Yes

No

Do you lose your balance because of dizziness or do you ever lose
consciousness?

Yes

No

Do you have a bone or joint problem that could be made worse by a
change in your physical activity?

Yes

No

Is your doctor currently prescribing any medication for your blood
pressure or for a heart condition?

Yes

No

Do you know of any other reason why you should not engage in
physical activity?

Yes

No

Do you currently have a pacemaker?

Yes

No

What is your average running pace (min/mile)
Can you maintain a consistent running pace for 10 minutes?

Yes

No

This study will require you to wear a harness to collect ECG data. The
harness will be placed on your skin, above the apex of the curvature of
your ribs (approximately just below the pectoral muscle). This will
require participants to lift their shirt for the placement and removal of
the ECG device. For participants wearing sports bras, this may require
the minor adjustment of your sports brad to accurately position device.
Are you comfortable lifting your shirt and potentially repositioning your
sports bra, as necessary, for approximately 1-3 minutes for the data
collection required in this study?

Yes

No
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OMNI Rating of Perceived Exertion Scale
This perceived exertion scale includes numerical categories from 0 to 10. You will use it to
assess your perceptions of exertion while you exercise. The numbers on the scale represent a
range of exertion levels from 0, “extremely easy,” to 10, “extremely hard.” To help you select a
number that represents your level of exertion, consider the following. When the exercise exertion
you are experiencing is “extremely easy,” respond with a 0. Think about a time when you
exercised and the level of exertion was “extremely easy” and most likely equivalent to a rating of
0. As an example, you should respond with a 0 when you are walking very slowly on the
treadmill. When the exertion you are experiencing is “extremely hard,” respond with a 10. Think
about a time when you exercised and the perception of exertion was “extremely hard,” likely
attained at your maximal performance level. Most likely the exertional level would be equivalent
to a rating of 10. As an example, you should respond with a 10 when you are running up a steep
incline on the treadmill and you may not be able to exercise much longer owing to fatigue.
Please rate your level of exertion for your overall body, taking into consideration the exertion
experienced in your legs and your chest/breathing. Please circle the number that best represents
your RPE.
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AfterShockz Headphones Visual Aid
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Headphone Placement and Volume Instructions

Multifunction Button

Volume control
located on the underside of the right side of headphones:
Microphone 2

Micro-USB
Charging Port

Microphone 1

LED Indicator
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Volume/Power Buttons

APPENDIX E
Polar H10 Visual Aid
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Polar H10 Strap Placement

65

APPENDIX F
Detrended RR Series for Participant One and Two
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APPENDIX G
Table of Corrected Artifacts and Noisy Segments for Participant One and Two

69

Table of Corrected Artifacts and Noisy Segments for Participant One and Two
Participant 1 Reading Artifacts and Noise
Synchronous
Noise
03:33-03:34 (2)
Time corrected in reading
06:49-06:50 (2)
(number of artifacts within
segment)
Artifacts
Number of artifacts left in
reading after correcting for
noise (% total beats
corrected)

0 (0.00%)

Participant 2 Reading Artifacts and Noise
Synchronous
Noise
None
Time corrected in reading
(number of artifacts within
segment)
Artifacts
2 (0.21%)
Number of artifacts left in
reading after correcting for
noise (% total beats
corrected)

70

Asynchronous
02:32-02:33 (2)
03:21-03:23 (2)
04:13-04:15 (2)
04:19-04:20 (2)
04:56-04:58 (2)
4 (0.43%)

Control
03:19-03:24 (6)
03:40-03:57 (16)
04:06-04:08 (2)
05:56-06;02 (6)

Asynchronous
None

Control
03:26-03:29 (3)

0 (0.00%)

0 (0.00%)

4 (0.31%)

APPENDIX H
Table of HRV Measures for Participant One and Two
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Table of HRV Measures for Participant One and Two
Participant One HRV Measures
Time Domain
Mean HR (bpm)
Min HR (bpm)
Max HR (bpm)
Mean RR (ms)
SDNN (ms)
RMSSD (ms)
Frequency Domain
HF Peak (Hz)
HF Power (ms2)
HF Power (n.u.)
LF Power (ms2)
LF Power (n.u.)
LF/HF
Self-Report

RPE
Flow

Synchronous

Asynchronous

Control

189
184
193
317
1.6
2.6

190
182
194
315
1.6
2.3

186
180
191
322
1.5
2.3

0.587
2.168
93.946
0.087
3.837
0.040

0.720
2.146
91.501
0.199
8.470
0.093

1.307
1.741
93.854
0.114
6.123
0.065

9
3.11

7.5
4.22

10
2.44

Synchronous

Asynchronous

Control

186
176
194
322
2.1
2.7

187
172
192
321
2.1
2.6

188
176
195
320
2.2
2.8

0.427
3.319
84.625
0.602
15.356
0.181

0.397
3.564
88.901
0.444
11.085
0.125

0.530
3.575
88.811
0.449
11.162
0.126

4
5

7
4.66

7
4.77

Participant Two HRV Measures
Time Domain
Mean HR (bpm)
Min HR (bpm)
Max HR (bpm)
Mean RR (ms)
SDNN (ms)
RMSSD (ms)
Frequency Domain
HF Peak (Hz)
HF Power (ms2)
HF Power (n.u.)
LF Power (ms2)
LF Power (n.u.)
LF/HF
Self-Report

RPE
Flow
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APPENDIX J
Informed Consent Documents

75

WESTERN MICHIGAN UNIVERSITY

IRB Approved
Approved for use for one year from this
date:

FEB 18 2020

WMU IRB Office
Western Michigan University
Music Therapy Department
Principal Investigator:
Edward Roth
Student Investigator: Jeni Gustafson
Title of Study:
The Effect of Synchronous and Asynchronous Music on Heart
Rate Variability and Flow State Among Runners
STUDY SUMMARY: This consent form is part of an informed consent process for a research
study and it will provide information that will help you decide whether you want to take part in
this study. Participation in this study is completely voluntary. The purpose of the research is to
determine if synchronous music has an effect on heart rate variability and will serve as Jeni
Gustafson’s thesis for the requirements of the Master’s in Music. If you take part in the research,
you will be asked to run on a treadmill for 10 minutes for three different music conditions,
totaling in 35 minutes of running across three trials and a five-minute pre-trial. Your time in the
study will take approximately two hours to complete 35 minutes of running, divided into a fiveminute pre-trial, three 10-minute trials, preparatory work, and post running questions. Possible
risk and costs to you for taking part in the study may be time to complete trials and possible sore
muscles related to running. Potential benefits of taking part may be increased physical health
related to completing trials. Your alternative to taking part in the research study is not to take
part in it.
You are invited to participate in this research project titled “The Effect of Synchronous and
Asynchronous Music on Heart Rate Variability and Flow State Among Runners" and the
following information in this consent form will provide more detail about the research study.
Please ask any questions if you need more clarification and to assist you in deciding if you wish
to participate in the research study. You are not giving up any of your legal rights by agreeing to
take part in this research or by signing this consent form. After all of your questions have been
answered and the consent document reviewed, if you decide to participate in this study, you will
be asked to sign this consent form.
What are we trying to find out in this study?
The purpose of this study is to determine whether running to music that is set at a speed that is
possible to synchronize your running pace to has any positive effects to heart rate variability. The
study will also look at whether synchronizing running pace to music increases the experience of
flow, and if the experience of flow has any connection to increased heart rate variability.
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Who can participate in this study?
To participate in this study, you must be able to run for 30 minutes, separated into 10 minute
periods, without any extreme exertion. Extreme exertion includes difficulty breathing while
running, experience of lightheadedness and/or nausea during or after running, and inability to
maintain a set pace for 10 minutes.
Where will this study take place?
This study will take place on Western Michigan University’s campus in Room 1061 in the
Student Recreation Center at 2000 W. Michigan Ave, Kalamazoo, MI, 49008.
What is the time commitment for participating in this study?
The entire time commitment expected from this study will be approximately 2 hours during one
visit to the facility. This period will include setting up measurement tools, a 5 minute warm up
on the treadmill to set pace and experience running with measurement tools, and 5 minutes of
rest. This will be followed by three trials that include 10 minutes of running, post-run questions,
and a brief recovery period after each trial.
What will you be asked to do if you choose to participate in this study?
In this study, you will be asked to run on a treadmill with a harness housing electrodes placed
around your chest to measure heart rate variability. You will be asked to complete a 5 minute run
to determine your preferred pace and to get used to running with the harness, you will then
complete a 10 minute run at your chosen pace. After running, you will also be asked to complete
a brief inventory to determine the experience of flow and a single question inventory to rate your
perceived exertion.
What information is being measured during the study?
This study will be measuring heart rate variability, which is the length of time between each
heartbeat. This information will be measured through the electrodes in the harness you will wear
during the run. The self-report of physical exertion will measure how physically demanding you
perceived the run to be. The Flow State Scale-2 will be used to measure the extent to which flow
was experienced during the run.
What are the risks of participating in this study and how will these risks be minimized?
The potential risks of this study include any potential risks typically faced when running on a
treadmill, including accidental injury from falling off the treadmill or pulled or sore muscles
resulting from running. To minimize these risks, the researcher is only accepting participants that
run regularly and are aware of and capable of managing these risks.

77

WESTERN MICHIGAN UNIVERSITY

IRB Approved
Approved for use for one year from this
date:

FEB 18 2020

WMU IRB Office
As in all research, there may be unforeseen risks to the participant. If an accidental injury occurs,
appropriate emergency measures will be taken; however, no compensation or additional treatment will
be made available to you except as otherwise stated in this consent form.
There is the potential risk of exposure to COVID-19. In order to minimize this risk, all participants and
research personnel will complete a health monitoring form prior to coming on campus. Research
personnel will wear CDC recommended PPE and will maintain at least six feet social distance from each
subject unless absolutely necessary during the trial. All equipment being used will be thoroughly
sanitized using a bleach solution per CDC guidelines between each trial. Participants will be offered a
mask to wear during trial, but are allowed to decline if wearing a mask will impact their ability to
complete the trials.
What are the benefits of participating in this study?
There are no anticipated benefits of participating in this study beyond the increased physical
health resulting from running.
Are there any costs associated with participating in this study?
There are no costs associated with participating in this study.
Is there any compensation for participating in this study?
Compensation for this study will be a $25.00 gift card upon completion of all three trials of
study.
Who will have access to the information collected during this study?
Only the principal investigator and student investigator will have access to the information
collected in this study. Results of this study may potentially be shared at professional music
therapy conferences, but all information will be de-identified prior to sharing. This means that no
names or individually identifiable data will be shared during or after your participation in this
study.
What will happen to my information or biospecimens collected for this research after the
study is over?
After information that could identify you has been removed, de-identified information collected
for this research may be used by or distributed to investigators for other research without
obtaining additional informed consent from you.
What if you want to stop participating in this study?
You can choose to stop participating in the study at any time for any reason. You will not suffer
any prejudice or penalty by your decision to stop your participation. You will experience NO
consequences either academically or personally if you choose to withdraw from this study.
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The investigator can also decide to stop your participation in the study without your consent.
Should you have any questions prior to or during the study, you can contact the following
researchers:
●
Principal Investigator: Edward Roth, (269) 387-5415, edward.roth@wmich.edu
●
Student Investigator: Jeni Gustafson, (847) 373-5626, jeni.a.gustafson@wmich.edu
You may also contact the Chair, Institutional Review Board at 269-387-8293 or the Vice
President for Research at 269-387-8298 if questions arise during the course of the study.
This consent document has been approved for use for one year by the Western Michigan
University Institutional Review Board (WMU IRB) as indicated by the stamped date and
signature of the board chair in the upper right corner. Do not participate in this study if the
stamped date is older than one year.
------------------------------------------------------------------------------------------------------------------I have read this informed consent document. The risks and benefits have been explained to me. I
agree to take part in this study.

Please Print Your Name
_____________________________________ ______________________________
Participant’s Signature
Date
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